Introduction
Osteoporosis is an metabolic bone disorder, more common in women, characterized by reduced bone mineral density (BMD) below the fracture threshold (1) , which affects more than 5.5 million people in Brazil (2) . Osteoporosis can cause postural changes due to vertebral fractures, impairments in static and dynamic balance and in the transposition of obstacles, reduced physical performance and psychosocial changes (3 -5) , which contribute to higher prevalence of falls in older women with this diagnosis (6) and increase the risk of fractures. Approximately 95% of hip fractures are related to falls and at least 40% of osteoporotic older women over 70 years of age have suffered a fracture due to falling (7) . Fractures have a direct impact on the quality of life of these older women because they are disabling events that can lead to functional dependence, hospitalization, institutionalization and death.
Aiming to help in the early recognition of the risk of falls, in the therapeutic decisions and in planning more assertive prevention activities for older women with low BMD, researchers have directed efforts to determine the predictive validity of instruments that identify the risk of falls in diverse populations, considering their particular characteristics (3 -6, 8, 9) . A fall is defined as an unintentional event that results in the change of the position of the individual to a lower level relative to their initial position (10) , excluding the result of a violent blow, falls in which the individual holds onto a wall or another structure, high-impact crashes and falls due to loss of consciousness or sudden paralysis (11) . However, given the multifactorial nature of falls, currently no instrument applied in isolation has been shown to identify the risk of falls in older adults (12) . Although many instruments have been introduced into the clinical practice in recent years, the challenge remains, as these inclusions were not based on solid evidence regarding their capacities to discriminate older adults with and without the risk of falls and some tests have not yet been extensively evaluated (12) .
In this sense, the combination of instruments contained in the comprehensive functional assessment of the recently published Quickscreen Clinical Falls Risk Assessment (QuickScreen) clinical test (13) , approached the multifactorial characteristic of the risk of falls and was shown to be predictive of falls in the original validation study with older adults, living in the community (13) . However, studies of analysis of the predictive accuracy for falls of this instrument in different scenarios and in specific groups with higher risks for falls and fractures are still lacking. In this context, in order to test whether this instrument is able to successfully identify the risk of multiple falls among low BMD older women, this study aimed to evaluate the risk factors for falls at baseline, to identify the occurrence of falls during six months of follow-up and to investigate the predictive validity for multiple falls of the QuickScreen test in older women with low BMD.
Methods

Type of Study and Ethical Aspects
This was a methodological study approved by the Research Ethics Committee of the Universidade Federal de Minas Gerais (CAAE 0370.0.203.013-11) in accordance with Resolution 196/96 of the National Health Council and was performed at the Laboratório de Análise de Movimento of a higher education institution. All participants signed an informed consent form.
Sample
The study included 110 older women (70.26 ± 6.24 years), living in the community, selected by convenience in older adult health care programs. This study configured part of a major study (doctoral thesis (14) that aimed to evaluate the risk factors for falls among women with low BMD and that estimated a sample size of 94 older women for the regression analysis. In order to avoid prejudice to the statistical validity regarding losses of participants, 127 older women were recruited (35% increase). The inclusion criteria were being female, aged 60 years or over, with a previous diagnosis of osteopenia or osteoporosis of the femoral neck and/or L1-L4 segment, considering T-scores below -1.0 SD as the reference, in accordance with the criteria of the World Health Organization (1). Exclusion criteria were cognitive impairment in the Mini Mental State Examination (15) (MMSE < 17 points) (n = 1), physical inability to perform the evaluations (n = 1) or sequel of Stroke (3) (n = 1). There were 14 losses of older women who did not attend the laboratory for the observed performance evaluations (n = 6) or were not located through the monthly phone calls during the six-months of the study (n = 8).
Quickscreen Clinical Falls Risk Assessment
The evaluation of the risk of falls of the participants was carried out using the Quickscreen Clinical Falls Risk Assessment (QuickScreen) instrument. This instrument, considering the model of the International Classification of Functioning, Disability and Health (ICF), investigates compromises in the domains of structure and function of the body (posture, balance, and postural and balance reactions), activities (mobility related to changing the basic position of the body and transferring one's position) and environmental factors (medication) (16), and therefore its predictive accuracy among low BMD older women may be different from the original validation, considering clinical, physical and functional characteristics of this population (3 -6) .
The QuickScreen is a tool proposed by Tiedemann (17) , that characterizes a multifactorial validated assessment of the risk of falls in the general population of older adults (13) , with minimal need for equipment, simple and fast application in the clinical setting and content without cultural bias (18) . This is a test that, in the original validation study, demonstrated high power to discriminate older adults with multiple falls ( ≥ 2 falls) from those with non-multiple falls (one or no falls) during the following year, and that covers the evaluation of eight risk factors: (i) history of previous falls, (ii) polypharmacy, (iii) use of psychotropic medication, (iv) visual acuity, (v) peripheral sensitivity, (vi) balance in the standing position, (vii) shifting of weight and lateral stability, and (viii) strength of lower limbs (17) .
Initially the risk factors related to the occurrence of one or more falls in the previous 12 months, the use of four or more medications (excluding vitamins and food supplements) and the use of psychotropic medication were investigated (13) . Visual acuity was evaluated using the Snellen chart showing the letter bone densitometry findings, age, comorbidities, continuous use medications and regular practice of exercise in the previous four weeks (21, 22) . So they were classified regarding the level of physical activity, using the Activity Adjusted Score (AAS) of the Human Activity Profile questionnaire (23) , as inactive (AAS < 53), moderately active (AAS = 53 -74) or active (AAS > 74). Later in the same week, in the Laboratório de Desempenho Humano, body mass and height measurements were carried out to calculate the Body Mass Index (BMI), and then the evaluations of performance of the QuickScreen test were made by examiners blinded to the clinical history and risk factors of the participants. Information on the occurrence of falls in the six months subsequent to the evaluations was collected through monthly phone calls, always made by the same evaluator. During the call the evaluator explained the definition of a fall used in the study and asked the question "in the previous month have you fallen any time? If so, how many times?". The number of falls was accounted at the end of the followup period of the study.
Statistical Analysis
Descriptive analyzes of the sociodemographic and clinical-functional variables were carried out. The number of older women with risk of falling ( ≥ 2 risk factors) and without risk of falling ( ≤ 1 risk factor) in the QuickScreen was obtained for each of the two outcomes: multiple fallers ( ≥ 2 falls) and non-multiple fallers (1 or 0 falls) indicated by monthly monitoring of the occurrence of falls over six months (after the baseline). To analyze the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) false-positive, false-negative, true negative and true positive cases were considered. A significance level of 5% was considered. Statistical analyzes were performed using the Statistical Package for the Social Sciences (SPSS) version 16.0.
Results
Data from 110 older women with low BMD at the femoral neck and/or L1-L4 segment (53.6% osteopenic and 46.4% osteoporotic) were analyzed. The clinical and sociodemographic characteristics of the study participants are presented in Table 1 . "E" in four different positions, with the older woman positioned at a distance of five meters from the chart, considering the inability to read all the letters to the 5 th line as indication of risk (13, 19) . Peripheral sensitivity was evaluated with the older woman sitting without shoes and socks and eyes closed, using a single monofilament aesthesiometer (Semmes-Weinstein -SORRI) of 4.0 grams (dark red). The monofilament was applied three times in the lateral malleolus of the ankle of the dominant member and presence of this risk factor was considered when the participant was unable to feel at least two of the three stimuli applied (13) . Static balance was evaluated through the tandem stand test, guiding the older woman to remain for 10 seconds with eyes closed, barefoot, with one foot in front of the other (with a distance of 2.5 cm between the heel of the front foot and hallux of the back foot) and slightly spread laterally (2.5 cm). Displacement of weight and lateral stability were evaluated by means of the alternate-step test, with a request to perform eight steps, alternating right and left, on a 15 cm high step. The performance of this test was timed and 10 seconds used as the cutoff point for determining risk in this item. To infer the strength of the lower limbs the sit-to-stand test was used, in which the older woman was asked to stand up and sit down five times on a standard chair (43 cm height), as quickly as possible, with arms crossed at the chest. The measurement was performed from the time of the initial sitting position until after the participant complete five repetitions to the point of sitting again and the cutoff of 12 seconds was used for risk indication (17) . The evaluation of these items presented excellent (sit-to-stand test, alternate-step test and visual acuity test) and moderate (tandem stand position test and touch sensation test) test-retest reliability (13, 20) .
At the end of the evaluation of the eight items the sum of the risk factors observed was calculated to characterize the older woman as: (i) with risk of falling ( ≥ 2 risk factors) or (ii) without risk of falling ( ≤ 1 risk factor).
Procedures
The first phase of the study (baseline) occurred in two locations: at the home of older woman and at the Laboratório de Desempenho Humano. In their homes, the older women not excluded in the MMSE were interviewed to collect the socio-demographic and clinical data through a form containing questions regarding Table 2 presents the description of the risk factors evaluated by the QuickScreen and the occurrence of falls over six months in the older women of the study. The results regarding the composition of the validity indices adopted in the study are presented in Table 3 . Table 4 describes the ability of the QuickScreen and each risk factor in isolation to predict multiple falls among older women with low BMD over six months of follow-up. similar frequency of single (23%) and multiple (21%) falls, their sample included older adults of both genders and there was no control for osteoporosis. Similar values were also presented by Ramos and Fonseca (19) , who found a mean of 2.8 risk factors in older adults of both genders (74.68 ± 6.28 years), being 20% fallers and 32.5% osteoporotic.
The polypharmacy, the self-report of previous falls and the shifting weight impairment and lateral instability in the alternate-step test were the risk factors most frequent among the older women of the study. These three risk factors demonstrated the limited predictive ability for multiple falls in the analysis of the isolated accuracy of each factor, however, among the eight factors evaluated these were the measures that presented the best predictive values. Ramos and Fonseca (19) , using the QuickScreen, also highlighted as the most frequent risk factors among community-dwelling older adults those related to the performance in the alternate-step test (mean of 11.03 seconds) and polypharmacy (55%), as well as poor performance in the sit-to-stand test (57.5%, mean of 13.34 seconds). Tiedemann (17) also demonstrated considerable predictive capacity for multiple falls of the alternate-step test, which was able to detect 63% of the older adults who fell in the 12 months of followup. The one year prospective study of Swanenburg et al. (11) also highlighted a high frequency of polypharmacy (64%) among multiple fallers, living in the community and septuagenarians (31% multiple fallers, 28% osteoporotic). The predictive ability of the use of five or more medications in the older adults of both genders in outpatient care for chronic diseases (35.7% osteoporotic) was also evidenced by Kojima et al. (27) . The experience of falling in the previous twelve months has also been indicated as an important factor for predicting falls in the majority of studies that deal with this line of research (11, 24, 28, 29) . Therefore, considering the high frequency, the ease of evaluation and the possibility of predicting falls of these three risk factors, their inclusion in future studies regarding screening instruments and in the development of health promotion strategies for osteoporotic older adults should be encouraged.
With regard to the risk factors that were shown to be not as good in predicting falls, the sit-to-stand test, the evaluation of which allows inferences about the muscle strength of the lower limbs and the functional capacity of older adults (30) , contrary to expectations, was able to detect only 40% of the multiple fallers.
Discussion
In the present study, the risk factors for falls at baseline and the occurrence of falls in older women with low BMD over six months of follow-up were evaluated to investigate the predictive validity of the QuickScreen test. Participants were older women, living in the community, septuagenarians, with low levels of education, active, with pre-obesity and the large majority with self-reported cardiac and orthopedic diseases. A high frequency of falls and good accuracy of the QuickScreen to predict falls over six months was observed in this group of older women.
The data relating to the previous history of falls and to falls in only the six month of monitoring showed high incidence of falls in these older women with low BMD when compared to studies that, without control for osteoporosis, showed that, over the period of one year, approximately 30% of the older adults living in the community fell at least once (8), with half presenting multiple falls (13, 24) . Additionally, this corroborated the findings of Silva et al. (6) , which showed a significantly greater occurrence of falls in osteoporotic women (51.1%) than in women without this diagnosis (29.3%). Despite the active profile of the sample decreasing the intrinsic risk of falls (25) , this same characteristic, added to its female composition, can contribute to increasing the extrinsic risk (26) due to the greater involvement of active women in domestic activities and, consequently, the greater exposure to routine and apparently safe activities during which the majority of falls occur. In this sense, Cruz et al. (10) argued that the higher frequency of falls among older adults with osteoporosis can be directly related to the higher prevalence of osteoporosis among women and those of an advanced age, combined with the possible influence of postural changes, gait disorders and body imbalance. These data indicate the particularity of the group of older women with low BMD and reinforce the importance of the validation of screening instruments for falls in this population.
In this study, the mean of 2.35 risk factors and the presence of risk of falls in the majority of the older women (67%) corroborated the findings of the study by Tiedemann (17) , in which approximately 60% of the older adults presented 2 to 4 risk factors, with a mean of three risk factors in the total sample. Although the study by Tiedemann (17) also investigated septuagenarians, living in the community, without cognitive impairments, independent in daily activities and with a risk of falls and, in this case, risk of fractures (possible fallers with low BMD) are greater than providing intervention for someone who has a low risk of falling (34) .
However, the predictive values lower than 80% may have been due to the use of the QuickScreen to predict falls within the six months following its application and not monitoring falls for 12 months, as in the original validation study (13) . Considering the theoretical model of the ICF (16) and the multifactorial nature of falls, in addition to the alterations of structure and function investigated, other factors, although difficult to assess and not approached by the QuickScreen, may have predisposed the older women in this sample to the occurrence of falls, such as personal factors -fear of falling (26) and risk behaviors-, factors related to activities (other activities of daily living) and participation (social and family life). Furthermore, the possibility should be considered that the high level of physical activity presented by the older women may have contributed to better performances in the functional tests of the QuickScreen and a reduction in the risk of falls in these tests (25) , however, it may have also contributed to increasing their exposure to environmental risks during the study. These limitations, together with the lack of specific studies that used the recent QuickScreen test (13) with older women with low BMD, highlight the difficulty of identifying a single instrument with excellent accuracy for predicting the fall, a multifactorial event, in this specific population (12, 35) .
Previous studies (36 -38) have demonstrated that therapeutic exercises of strengthening and balance training are also capable of improving the components of structure and specific function (muscle strength, and static and dynamic balance) and the performance in functional tests in older women with low BMD and, therefore, together with the control of household risk factors, contribute to the prevention falls. Thus, the recommendation to use the QuickScreen as a potential clinical tool able to identify the risk of falls in these older women enables early recognition and referral for further evaluations and physiotherapy services so that they benefit from these interventions (12) . It should be noted that this tool stands out from the various instruments with the same purpose, as most existing tools present long application time, require sophisticated equipment, and have been investigated with small samples and through transverse or longitudinal studies with short monitoring periods.
This finding suggests that muscle weakness, among the modifiable factors, can't in isolation characterize a strong risk factor for falls, especially in functionally independent older adults, as highlighted by Meneses, Burke and Marques (31), which should be further investigated considering the controversial findings in the literature (32, 33) . Evaluations of the use of psychotropic medication, of the tandem stand test and of the peripheral sensitivity test failed to predict falls in isolation, corroborating the findings of Tiedemann, Lord and Sherrington (13) with older adults living in the community and independent, without control for osteoporosis. The poorer predictive ability for multiple falls found in the present study of the visual acuity test compared to the original study may be due to methodological differences regarding the use of the Snellen chart (19) and not the proposed sensitivity to contrast, depth perception and visual field test (13) .
Despite the risk factors in isolation showing low predictive accuracy for multiple falls, the findings of this study demonstrate that when analyzed in the multifactorial format of the QuickScreen, using a cutoff of 2 or more risk factors, there was good predictive ability for multiple falls among older women with low BMD. Therefore, although the frequency of the risk factors identified in this study confirmed previous studies with the older general population (11, 17, 19, 24, 27 -29) , the best cutoff point indicated ( ≥ 2 risk factors) was lower than that proposed by Tiedemann (17) ( ≥ 4 risk factors), characterizing an indication of the particularities of the risk of falls in older women with low BMD and the importance of more conservative screening with this population due to increased vulnerability to fractures and reinforcing the need for studies in this line of research.
Despite the low proportion of true negatives among the non-fallers (specificity) and of true positives among the older adults with a positive test (PPV), the high proportion of true positives among the fallers (sensitivity) and of true negatives among the older adults with a negative tests (NPV) showed the good ability of the QuickScreen to identify the majority of older adults who had multiple falls, with low incidence of false negatives, and to correctly identify with negative tests the older adults who did not present multiple falls during the study. Therefore, for screening low BMD older adults the clinical and scientific use of the QuickScreen is recommended. In this context, the investigation of risk of falls screening instruments for older adults is important to reduce false negatives, as the consequences of misidentifying someone that has a
